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Rubefacients may be defined as substances
which on application to the skin produce redness.
Although such preparations have long since
found their way to lay popularity, they have thus
far been found of little scientific interest. Re-
cently however, evaluation of newly developed
nicotinate rubefacicnt preparations has indicated
their possible value to the dermatologist. We
therefore have appraised the comparative efficacy
of certain ruhefacient preparations. We also
sought to determine the effect of various con-
centrations of certain rubefacients on the skin.
In this study the skin of the upper human back
was observed following application of ointments
containing various rubefacient substances. Each
of four groups of subjects was investigated in a
fashion devised to observe a different aspect of
rubefacient activity. Each of these groups con-
tained similar subjects. All groups contained
so-called normal subjects, that is, those not
having constitutional disease, cutaneous disease,
or abnormal dermographism. Most groups in-
cluded one or more subjects with white dermo-
graphism which were of two types, i.e. those with
atopic dermatitis, and those with "normal skin."
Each was tested in a fasting state and in a con-
stant temperature environment. Before rube-
facient preparations were applied, rest on a
comfortable bed for more than 15 minutes was
required.
The following categories were studied:
Group I: Tests with various rubefacient oint-
ment preparations to determine their relative
effectiveness.
Group II: Selected rubefacient ointment
preparations applied to the skin with varying
inunction.
Group III: Tests with chosen rubefacient
ointments in various concentrations.
Group IV: Tests with various nicotinate
rubefacient ointments.
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Group I: Relative Effectiveness of Ruhefacients
Various rubefacient ointment preparations
were appli€cd to the skin of five subjects. Test
cases labeled one through four were without
abnormal dermographism while case five was an
atopic with white dermographic response. Each
subject was placed in supine position with the
upper back exposed for testing. The rest period
was employed for stabilization of cutaneous blood
flow and skin temperature, the latter being
recorded by a Sargent thermistor thermometer.
The resultant stable temperature readings fur-
nished baseline readings for later interpretation.
Circular zones 1J inches in diameter were
marked off with washable ink on the upper back.
Eighty milligrams of each xubefacient ointment
preparation were then applied within each
labeled zone. Twelve circular rotations of the
precleansed digit were employed to rub in each
ointment. Thereafter, both the degree of cry-
thema and the skin temperature of each site were
determined at five-minute intervals for a mini-
mum of 30 minutes. The thermistor unit proved
quite practical, allowing accurate skin tempera-
ture determinations up to Io of one degree
centigrade. The degree of erythema was per-
ceived visually and graded as follows: zero
designation for no erythema, a plus over minus
for questionable erythema, one plus for slight
erythema, two plus for moderate erythema, and
three plus for marked erythema.
The following preparations were applied:
1. 5% tincture of cantharides
2. 5% methyl salicylate
3. 5% peruvian balsam
4. 5% nicotinic acid
5. 5% tetrahydrofurfuryl ester of nicotinie acid*
6. 5% camphor
7. 5% mustard oil
S. 5% tincture of capsicum
9. The oil in water emulsion base in which the
above eight preparations were prepared.
* A 5% ointment of tetrahydrofurfuryl ester of
nicotinic acid is marketed under the name of
Trafuril Ointment by Ciba Pharmaceutical
Products, Inc., Summit, New Jersey.
58 THE JOUENAL OF iNVESTIGATIVE DERMATOLOGY
For labelling purposes, the numbers one
through nine assigned to the preparations above
were also marked on the subject's back below
the appropriate application site. The five percent
rubefacient concentration exceeds or approxi-
mates that employed in most proprietary rube-
facient products.
Table I shows the sequence of time relation-
ships concerning rubor and temperature eleva-
tions in subject number one, who exhibited
neither cutaneous disease nor abnormal dermo-
graphism. As is shown, many of the preparations
evoked no erythema or temperature elevation.
Minimal temperature elevation and mild ery-
thema were noted with ointments number four and
six. Ointments 5 and 7 produced the most note-
worthy changes. These both induced a three plus
erythema within the zone of application. Maximal
erythema was attained ten minutes after appli-
cation of ointments 5, and fifteen minutes after
application of ointment 7. Maximum temperature
elevation was noted twenty minutes after appli-
cation of ointment 5 and thirty minutes after
application of ointment 7. Note that rubor or
erythema is attended by an increase in tempera-
ture; the two quantitatively tending to be in
direct proportion to one another and the former
in general tending to become maximal prior to
the latter.
Subjects two, three and four reacted in a
similar fashion when ointments 5 and 7 were
applied. The time sequences in portraying max-
imal erythema and temperature rises were also
similar. Of these three, two failed to show the
above responses to ointments four and six and
the remaining subject showed erythema to them
to a minimal extent.
Case five had atopie dermatitis and revealed
white dermographism. The inunction of ointment
number 5, (5% tetrahydrofurfuryl ester of nico-
tinie acid) resulted in only mild erytbema.
Similarly, ointment number 7, (5% mustard oil)
caused low magnitude erythema. The tempera-
ture rises attending the erythema in each of
these instances tended also to be of very low
magnitude. This subject was unresponsive to
the remaining ointments applied.
These studies tend to indicate that the most
TABLE I
Cutaneous responses of subject no. 1
Ointment
znne
number
Ointment applied
to various rubefacients*
Induced ery-
thema on line E;
temp. rise in
degrees C. on
line T
Post-application time in minutes
10 15 20 25 30 35
2
3
4
5
6
7
8
9
Tincture of eantharides
Methyl salicylate
Peruvian balsam
Nieotinie acid
Tetrahydrofurfuryl ester
of nicotinie acid
Camphor
Mustard oil
Tincture of eapsieum
Unibase
E
T
E
T
E
T
E
T
E
T
E
T
E
T
E
T
E
T
2+
2+
3+
0.7
2+
0.6
3+
1.0
3+
1.1
3+
1.3
1+
3+
1.2
3+
1.3
3+
1.2
1+
0.1
3+
1.2
1+
0.1
2+
1.4
1+
0.1
2+
1.0
1+
0.1
2+
1.2
* All rubefacient preparations were prepared in Unibase Ointment (Parke-Davis) in 5% concen-
tration.
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effective of the rubefacients tested are 5% tetra-
hydrofurfuryl ester of nicotinic acid and 5%
mustard oil. The other six rubefacients evoke
little or no erythema. The one patient with white
dermographism and atopic dermatitis, (case
number five) reacted with less erythema and less
temperature rise to the rubefacients than did the
other subjects. The absent or minimal erythem-
atous response of such subjects to the tetra-
hydrofurfuryl ester of nicotinic acid is in accord
with what we found in studies with similar type
subjects in the other groups which followed and
is also in accord with their reduced or absent
responses noted by other investigators (1).
Ointment number 5, the 5% tetrahydrofur-
fury! ester of nicotinic acid preparation, induced
a "pigskin" effect confined to the zone of oint-
ment application in all four of the normal sub-
jects studied. This effect seems to be secondary
to tissue edema. The studies done indicate that
while ointment seven induces as much erythema
and skin temperature elevation as does ointment
number 5, it does not seem to induce the "pig-
skin" phenomenon.
50%
Methyl salicylate
n Unibase applie
7. 8. 9.
FIG. 1. Arrangement of the ointment application zones on the skin of the upper back for the graded
inunction experiment. Number of circular rubbing motions employed in applying preparations: 12 for
areas 1, 4, 7; 48 for areas 2, 5, 8; 96 for areas 3, 6, 9.
3.:1. z.
5%
ethyl nicotinate
in Unibase applie
5.
50%
ethyl salicylate
in Unibase appli d.
50%
ethyl salicyla.
Unibase appli
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TABLE II
Responses to the application of 5% methyl nicotinate
in unibose
SubjectNumber
Number of
Circular Rub-
bing Motions
Employed
Maximum Rubor
Noted and
Time5 First
Evident
Maximum Tem-
perature Rise
and Time5
First Evident
6 12
48
96
2+ at +10
2+ at +10
2+at+10
1.4 at +30
1.8 at +20
1.8at+30
7 12
48
96
2+at+5
2+ at +5
2+at+5
1.Oat+35
0.8 at +45
1.2at-f-35
8 12
48
96
l+at+5
l-J--at--5
1-4--at-j-5
0.Sat+20
0.Sat-fr15
0.2at+30
9 12
48
96
None
None
None
None
None
None
* Times are given in minutes post-application;
i.e., +10 means 10 minutes following ointment
application.
Group II: Studies on Graded Inunction
Four individuals were tested. Subjects six,
seven, and eight revealed neither abnormal
dermographism nor skin disease, while case 9
exhibited white dermographism but was without
clinical cutaneous disease. As for Group I, nine
circumscribed zones were outlined on the upper
back employing three encircled areas to form
each of three horizontal groups, one beneath the
other as is shown in Figure 1. The areas were
numbered one through nine in a horizontal
fashion.
Three different ointment preparations were
selected. An oil in water emulsion base (TJnibase
of Parke Davis and Co.) was used as a control
ointment, there being no rubefacient preparation
present. Five percent methyl nicotinate in
Tlnibase was employed, representing a highly
effective rubefacient. This was chosen after
intervening experiments, (some of which will be
shown in Group IV), indicated its efficacy to be
comparable to that of the tetrahydrofurfuryl
ester of nicotinie acid. Methyl salicylate in
IJnibase was chosen as the third ointment to be
employed. As ascertained from Group I, methyl
salicylate in TJnibase was ineffective in a 5%
concentration. It was chosen for use in Group II
in a ten-fold increased concentration, namely
50%, to determine the effect of graded inunction
of what seemingly was a rather poor rubefacient.
As is shown, Unibase alone was applied in areas
one, two and three employing 12, 48 and 96
circular rubbing motions respectively, in ap-
plying the ointment. Five percent methyl nico-
tinate in Unibase was applied in areas four,
five and six employing 12, 48 and 96 circular
rubbing motions respectively in its application
and 50% methyl salicylate in Unibase was used
in areas seven, eight and nine, employing 12, 48
and 96 rubbing motions respectively in its
application. Eighty milligrams of test ointment
were applied in each area.
In all four subjects tested, graded inunction of
Unibase failed to induce any perceptible rubor.
In several instances, one-tenth to two-tenths
degree centigrade temperature rises occurred.
These rises are minute and are probably due to
occlusive factors preventing the dissipation of
heat; they occurred without correlation to the
number of circular rubbing motions employed,
there often being fewer instances of them in the
96 rub categories than in the 12 rub categories.
Table II shows the results of graded inunction
employing 5% methyl nieotinate in Unibase.
Note that the number of circular rubs in ap-
plying this ointment did not effect either mag-
nitude of erythema or the time that such was
attained. Similarly, such graded inunction did
not in any consistent fashion affect quantitation
of temperature rise or its temporal appearance.
As previously mentioned, subject number nine
exhibited white dermographism but no cutaneous
disease. He, in contrast to the three normal
subjects, failed to develop rubor or rise in skin
temperature when the 5% methyl nicotinate in
Unibase was applied.
It should be mentioned that in each instance
the rubor resulting from the application of 5%
methyl nicotinate in Unibase was both within
the confines of the ointment application zone
and in an area just peripheral to this zone. Such
peripheral erythema was not due to careless
ointment application, as the ointment was quite
meticulously applied only within the definite
encircled area throughout the studies. This
phenomenon seems to occur only when the
stronger rubefacients are acting.
Application of 50% methyl salicylate in
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each instance ten minutes after ointment appli-
cation. This normal person as well as the re-
maining two other normal individuals in this
group showed small to moderate rises in temper-
5% 30% 50%
METHYL ALl YLATE IN NIB SE APPLIE
T IN FC N T I B AcP LIE
10% 15%
OT NATE IN U IBASE APPLIE
- 8. 9.
U IBASE ALONE
APPLIED
10.
Fic,. 2. Arrangement of the ointment application zones on the skin of the upper back for the con-
centration experiment.
TJnibase was not attended by rubor except in
case eight, who developed plus over minus
erythema in each zone seven, eight and nine. The
time of development of this erythema was in
1 2.. 3.
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TABLE III
Responses to (he application of methyl nicotinate
in unibase
ature subsequent to 50% methyl salicylate
ointment inunetion. These rises occurred without
regard to specific mode of application. The
remaining subject (exhibiting white dermograph-
ism but no cutaneous disease) showed no visual
or temperature change subsequent to 50%
methyl salicylate ointment inunction.
The above data seems to clearly indicate that
at least within the range tested, quantitative
inunction of rubefacient ointments has little or
no effect on the cutaneous responses of the
subject. Both the degree of rubor and the tem-
poral development of rubor were unaffected by
gradation of inunction. Graded inunction re-
sulted in only minor variations in degree of skin
temperature elevation and likewise in the tem-
poral development of the same. As Table II
indicates, the minor variations were not meaning-
fully related to the number of inunction rubs
employed.
Group III: Concentration Studies
In this group, five subjects were tested. Cases
ten, eleven, twelve, and thirteen had neither
abnormal dermographism nor skin disease. Case
fourteen exhibited white dermographism but
was without clinical cutaneous disease. Ten
numbered circumscribed zones were arranged on
the back of each subject as is shown in Figure 2.
As portrayed, three rubefacient preparations
in definite varied percentage concentrations were
employed in the first nine areas while Unibase
alone was applied to area ten as a control. Twelve
circular rotations of the precleansed digit, were
employed to rub in each ointment. Eighty milli-
grams was the quantity of preparation applied
in each area.
Concerning case fourteen, none of the ten
anointed areas developed appreciable erythema
or significant temperature rise. The remaining
four normal subjects did show cutaneous re-
sponses. They however failed in any instance to
develop erythema or significant temperature rise
to any of the concentrations of methyl salicylate.
Preparations of tincture of cantharides induced
erytbema of three plus dimension attended by
significant temperature rises (one to one and
four-tenths degree centigrade) in one subject
while the other three individuals showed no
response. The responses of three plus erythema
in this subject were produced by each of the
three concentrations employed and they each
occurred at the same time after ointment appli-
cation. The attending temperature rises were
also of approximate equal magnitude and tem-
poral development.
Table III reveals the results of application of
graded concentrations of methyl nicotinatc in
Unibase tasted to the skin of the four normal
subjects.
Within the methyl nicotinate concentration
range tested, concentration had no effect on the
degree of erythema induced or the time at which
the maximal erythema became evident. Small
variations in skin temperature elevation did
occur, but these showed no consistent pattern
in relation to concentration of rubefacient em-
ployed. The variations in extent of maximal
temperature elevation were small. The temporal
occurrences of these maximal temperature rises
revealed only minor variations which again
showed no pattern relative to concentration of
rubefacient employed.
It is concluded that within the range of concen-
trations used, the rubefacient preparations
tested do not induce cutaneous response pro-
portional to the concentration employed. When
5ubjertNumber
10
11
12
13
Percentage
cuncenteatiun
uf Methyl
Nicutinate in
Unibase
Empluyed
5
10
15
5
10
15
5
10
15
5
10
15
Maximal Rubor
Nuted And
Time when
First Evidenl
1+ at +5
1+ at +5
1+ at +5
2+ at +15
2+ at +15
2+ at +15
3+ at +10
3+ at +10
3+ at +10
3+ at +15
3+ at +15
3+ at +15
Maximal Tem-
perature Rise
And Time when
First Evident
1.8 at +30
1.8 at +30
1.4 at +30
0.8 at +25
0.6 at +20
1.4 at +20
2.0 at +35
1.3 at +30
1.6 at +35
1.2 at +25
0.9 at +30
0.6 at +30
* Times are given in minutes post-application;
i.e., +10 means 10 minutes following ointment
application.
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a given subject is responsive to a given rube-
facient, he then seems to react without deference
to the gradation of concentrations as we have
employed them.
Group IV: Studies with Nicotinate
Rubefacients
In this group, four nicotinate ointment prepa-
rations were tested as to their relative efficacy
by application to the skin of four subjects.
Tetrahydrofurfuryl ester of nicotinic acid, ethyl
nicotinate, methyl and n-hexyl nicotinate were
the substances employed, each in an oil in water
emulsion base in 5% concentration. As in the
previous groups, 13z inch diameter ointment
application zones were employed and 12 circular
rubbing motions of the prccleansed digit were
used in applying the SO mg. quantity of each
ointment.
The skin of the upper back was tested to these
four preparations on subjects fifteen, sixteen,
seventeen, and eighteen. Of these, only case
eighteen had demonstrable cutaneous disease.
This patient had atopic dermatitis and also
exhibited white dermographism. The three other
subjects were normal.
Cases fifteen and sixteen exhibited similar
responses. In each, all four rubcfacient prepa-
rations induced equal erythema within encircled
application zones. Furthermore, peripheral cry-
thema was induced in quantitative equality with
all preparations except n-hexyl nicotinatc, which
induced none. Subject seventeen revealed cry-
thema within each of the four encircled zones,
and reflex flare crythema to both ethyl nicoti-
nate and methyl nicotiuate. His reflex flare
erythcma was minimal, however, to both n-hcxyl
nicotinate and tctrahydrofurfuryl ester of nico-
tinic acid. Each erythema response in subjects
fifteen, sixteen and seventeen was accompanied
by a skin temperature rise commensurate to the
degree of crythema evoked. Case eighteen failed
to respond with either erythema or increased
temperature upon application of any of the four
rubefacients under consideration.
In normal subjects a rather consistent minimal
or negligible peripheral erythema seems to be
evoked by n-hexyl nicotinate. The responses to
tetrahydrofurfuryl ester of nicotiuic acid, ethyl
nicotinatc, and methyl nicotinate are in general
noted to he quantitatively equal; although in an
occasional instance (as in subject seventeen) one
of the three proves less effective than the others.
In this group we noted minor changes in skin
response when we retested certain of the normal
subjects. Thus there seem to be minor, yet
definite variations in the response of a given
person to the nicotinatc rubcfacicnt preparations.
5UMMARY AND coNcLusIoNs
Of the various rubcfacients tested in 5%
concentration, certain of the esters of nicotinic
acid seem to have the strongest and most con-
sistent activity. They seem to act on responsive
skin to produce in most instances local erythema,
local edema, and peripheral flare of erythema.
The skin temperature elevations evoked by
rubefacients seem to quantitatively parallel the
extent of erythema produced. Maximal crythema
usually precedes maximal temperature rise by
several minutes.
Under the conditions of the foregoing study,
quantitative inunction of the rubefacicnt oint-
ments studied has little or no effect on the
resultant cutaneous responses.
Concentration studies on chosen rubcfacients
indicates that rubefacient effects are not pro-
portional to the concentration employed, at least
within the range tested.
Subjects with white dcrmographism but with-
out evident cutaneous disease seem not to re-
spond with appreciable erythcma to the nicoti-
nate rubefacients. This cutaneous behavior is
similar to that of patients who have atopic
dermatitis and who demonstrate white dermo-
graphism as well. It is well substantiated that
patients with atopic dermatitis fail to respond
to tetrahydrofurfuryl ester of nicotinic acid (1).
It seems that such subjects likewise fail to re-
spond to other nicotinate rubefacicnts, namely,
n-hexyl, methyl, and ethyl nicotinates.
Normal subjects show minor day-to-day
variations in response to the application of
nicotinate rubefacients. It is well known that
one's vascular responses in terms of white or red
dermographism may vary from time to time. A
variation in the dcrmographic response has been
shown to occur from day to day as the natural
course of certain dcrmatitides evolve (2). Varia-
tions in response to intradermal histamine have
been shown to occur from hour to hour in certain
patients with atopic dermatitis as changes in
their psychological orientation occur (3). It
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seems entirely feasible that minor changes in
response to the nicotinate rubcfacients might
likewise be produced by the day-to-day physio-
logic variations which occur in normal subjects.
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